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@ MOSFET with high density of integration and lovtf on resistance. 

@ A vertical type MOSFET having a high degree of 
integration and a loyy ON resistance is shown . This device is 
formed so that the drain region" has low resistivity part . 
between well regions and the high resistivity part with which 
the bottoms of the well regions are in contact Thereby 
provided is the MOSFET which has low ON resistance and a 
high breakdown voltage in spite of its high degree Integra- 
tion. 



FIG. 2 
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TITLE OF THE INVENTION 

MOSFET WITH HIGH DENSITY OF INTEGRATION AND LOW ON RESISTANCE 

BACKGROUND OF THE INVENTION 

This invention is related to a vertical type MOS field 
effect transistor (MOSFET) with a high density of integration and 
a low ON re s istance, . 

With reference to a cross-sectional view in FIG. 1/ the 
configuration of an N-channel vertical type MOSFET as a prior art 
and some of the problems with it are described below. 

i This MOSFET consists of an N-type low resistivity drain 
region 1 (N"*" semiconductor substrate), a high resistivity drain 
region 2 (N" layer) which lies above it, P-type well regions 3 
which are located in the upper half of this drain layer 2 and 
isolated from each other, and low resistivity N-type source 
regions 4 (N*'" regions) which lie within these well regions. The 
well region 3 performs the function of channel respectively. 

The well regions 3 are separated by a distance S. In^ihg^ 
centers of the well rgginna i:hc>?-ft arg^ P-f-ypp l<Mtf,^rAAi-ftiU^t-Y 

^Sntact regions 6 (P^ regions ) which are in contact with the 
well regions 3. In addition, all of these regions except for the 
parts of the source regions 4 and the contact regions 6 in 
contact with a source electrodes 8 are covered by the silicon 
dioxide film 7. Formed oh top of this silicon dioxide' film 7 is 
a multi-crystalline silicon gate electrode 5 which spans the gaps 
between the neighboring well regions 3. This gate electrode, in 
turn, is covered by an insulation film 10 made of a material such 
as phosphorus glass. 

The source electrode 8 covers this insulation film 10, which 
is deposited on top of the other layers by vacuum deposition and 
which contacts the source regions 4 and the well contact regions 
6. Also, on the bottom surface of the drain region 1 a metallic 
drain electrode 9 is deposited by a similar process of vacuum 
deposition and makes contact with the drain substrate 1. 

In PIG. 1, dotted line D indicates the limit of the 
iepletion layer that is produced when the PN junction between the 
source andT^ain of this vertical type FET is reversely biased. 
;5 When a sufficient voltage is applied to the gate electrode 
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1 5r a channel region is formed in the well regions which lie below 
; the gate electrode 5. Then vrfien a voltage is applied to the 
drain electrode 9 with respect to the source electrode 8, an 
electric current flows from the drain electrode 9 to the drain 
5i region 2 through the drain substrate 1 and passes through the 

chaimel layer to the source regions 4 and the source electrode 8. 
' A MOSFET with this kind of configuration has really a wider 

j area over which current is drawn than a so-called horizontal-type 
■ MOSFET/ which has the source and drain electrodes on the same 
10[ surface, making it more suitable as an element in applications 
where a large electric current must be handled. Also, sometimes 
the well regions 3 and source regions 4 are formed by double 
diffusion, with the gate electrode 5 as a mask, and because the 
concentration of impurities can be accurately controlled, the 
15! threshold in the operation of the MOSFET is accurate, without 
fluctuations. 

However, in this kind of prior art vertical type MOSFET, a 
current flows in the high resistivity drain region confined 
between the well regions 3, so that there is a limit to how far 
20 the resistance during the time when a current is flowing between 
the source and the drain (to be referred to as ON resistance) can 
be reduced. ^Jhat is to say, when the resistivity of the hie 



resistivity drain region^Trs reduced, alarge elegtrjc field is 



' ^ja3:oohree( l at the ]ju nct^ lonsvyith the well regions 3 , and the 
25 breakdown voltage between the source and the drain decreases. 
This causes the defect that there is a limit to how far the 
resistivity of this drain region 2 can be reduced. 

Meanwhile, within the limit of the effective gate width, it 
is conceivable that the unit cell density could be increased to 
30 lower the ON resistance, but this would cause the region between 
the two well regions, labeled S in FIG. 1, to be narrowed still 
further, reducing the area through which the current can flow so 
that there would be no net reduction in the ON resistance. 
Whether this ON resistance is large or small is a very 
35 important problem which affects the amount of heat given off by 
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each semiconductor element, the limit to the density of elements 
in the circuit imposed by this heat, the power consumption and 
the reliability* In particular, in an element designed to handle 
a large electric current it is important to reduce the~^t)N ' 

) resistance as"much as possible. ~ ^ 

SUMMARY^ THE^lHVKbil^lOff 

An object of the invention is to provide a vertical-type 
MCjiSFET which has a high density a nd a low ON resistance, 

Another object of the invention is to provide vertical-type 

) MpSFET which has a high breakdown voltage in spite of its low ON 
r esist anc e. 

These and other objects and advantages and effects are 
accomplished by provision of a transistor in which the drain 
region between the well regions is a region with low resistivity, 
) in order to reduce the resistance. In addition, between this 
layer and the semiconductor substrate there is another layer with 
a higher resistivijty than that of the semiconductor substrate; 
and the well regions are extended to this layer. 
BRBIF DESCRIPTION OF THE DRAWINGS 
) FIG. 1 is a cross-sectional view showing a prior art 

vertical-type N-channel MOSFET. 

FIG. 2 is a cross-sectional view showing a first embodiment 
according to the invention. 

FIGS. 3(a) through (g) depict steps in the process by which 
5 the transistor in FIG. 2 is produced. 

FIG. 4 is a cross-sectional view showing a second mbodiment 
of vertical-type MOSFET according to the invention. 

FIGS. 5(a) and (b) depict steps in the process by which the 
transistor shown- in FIG. 4 is produced. 
3 DETAILED DESCRIPTION OF THE PERFERRED EMBODIMENTS 

Referring now paticularly to FIG. 2, a first embodiment of a 
vetical-type MOSFET in accordance with the invention is shown. 
Those letters and numerals which also appear in FIG. 1 have the 
. same meanings in both figures. Consequently, it is dispensed 
5 with to describe them again here. The interval S between the 
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1 well regions 3 is only half as great in PIG. 2 as in FIG. 1, but 

\ its ON resistance is nevertheless lower due to the configuration 
of the invention describea detailedly hereinbelow. 

First, described are the differences in configuration 

5 between the present MOSFET and the conventional type shown in 
PIG. 1. As can be seen in FIG. 2, above the drain substrate 1, 
which serves as a N"^ semiconductor substrate, there is a high 

! resistivity drain region 12 (an N~ region), which has a higher 
resistivity than this substrate, as the first drain region. 
10 Above it, as the second drain region, there is a low resistivity 
drain region 13 (an N region), with lower resistivity than this 
high resistivity drain region 12. Then, the well regions 3 are 
formed so that they penetrate more deeply than the low 
resistivity drain region 13, exten ding to th e high resistivity 

»r " ' ■ ' 

15 region 12. 

m F IG. " 2, in the high resistivity drain region 12 and in 

the well regions 3, indicated with the dotted lines D are the 
limits of the depletion layer that is produced vhen the PN 
junction between the source and drain of this vertical type 
20 MOSFET is reversely biased. 

That is to say, when a voltage is applied between, the drain 
electrode and the source electrode, a reverse bia s is created at / / 
the PN junction between the high resistivity drai*6 region 12 and 
the well regions 3, and between the low resistivity drain region 
25 13 and the well regions 3, thereby causing the depletion layers 
corresponding to each well regions 3 to^exg^^d link up with 
each other and producing the situation^ shown iff^PIG. 2. 
Consequently, in this case the breakdown voltage is primarily 
determined in the lower parts of th e well regions 3. 



3d Next, a production process of the first embodiment of a _ 

MOSFET having the configuration described above will be 
described. 

A specific example of such a production process is shown in 
FIG. 3 (a) through (g) . 
35 The first step is to prepare the low resistivity drain 
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substrate 1 (the N*** substrate) which is made up of N-typ e silicon 
^^^monpiSr^^J;^^ impurity concentration Nj^ of 

about IxIO^® atoms/ cm^. Then, in this example, phosphene (PH^) 
is ; introduced as an impurity gas and on the surface of this 
substrate 1 the high resistivity drain region (N* region) 12 
havin g an on the order of 2x10'*'^ a toms/cm^ and a thickness of 

about^O^m is epitaxially grown. After that the flow rate of 

' — — — — ^ 



"pRospHengxs changed to cause epitaxial grouth of th e low 
^resis tiv ity drain region (K region) 13, having an on the order 

:irjr^r77Z^ ^ — 



of 5x10 atoms/cm and a thickness of about AjAxdj on top of this 
"Bpitaxiaxxy grown high resistivity drain region 12. The 



structure \^ich results after these steps are completed is shown 
in FIG. 3(a). 

The next step is to grow a silicon dioxide film 7 on top of 
the epitaxially grown low resistivity drain region 13 by means of 
thermal oxidation to a thickness of about 1000 A. On the surface 
of this, silicon polycrystalline 5, to be used as the gate 
electrode, is grown to a thickness of about 4000A by the CVO 
method. When this step has been completed the structure is as 
shown in the cross-sectional view in FIG. 3 (b). 

The next step is to selectively remove this silicon 
polycrystalline layer 5 by photographic etching at the locations 
corresponding to the well regions 3. Then boron ions (B*^) are 
injected to a concentration of about SxlO^^^atonsTc^^ 
implanation method. After that, the partly completed transistor 
is heat treated at about 1100 *C for 24 hours, causing 
simultaneous annealing and^^i£fjuslon.,^thu8' producing the 4 to 6/( 
m-*thick well regions 3. After these steps have completed the 
structure is as shown in the cross-sect ional view in FIG. 3 (c). 

The next step is to cover all areas not corresponding to 
what will become the well contact regions with the photo resist 
shown by the dotted lines 15 f then, with these as masks ^ boron 
ions (b"**) are Injected to a concentration of about 5x10^^ 
atoms/em' by the Ion Implantation. When these steps have been 
completed, the structure is as shown In the oross-sectlonal view 



in FIG. 3Cd). The regions where boron ions have been injected 

ar& labeled 6a. 

The next step is to remove the above-mentioned photoresist 
15. Then the regions which are to become the well contact 
regions are covered by the photoresist 15 indicated by the dotted 
lines 15; with these as masks, phosphorus ions (P*) are injected 
to a concentration of about 5x10^^ atoms/cm^ by the ion 
implantation. When these steps have been complated the structure 
is as shown in the cross -sectional view in FIG. 3(e). The 
regions where the phosphorus ions have been injected are labeled 
4a. The phosphorus ions also enter the silicon polycrystalline 
5. 

The next step is to remove the above-mentioned photoresist 
15. Then the electrically insulating film 10 is formed to a 
thickness of about 7000A, of phosphorus glass with a molar 
concentration ratio of about 3%, by the CVD method. Then the 
partially completed transistor is heat treated in nitrogen at 
about 1050 *C, causing source regions 4 and well contact regions 6 
to diffuse until they are about l/*m deep, simultaneously. When 
these steps have been ccanpleted the structure is as shown in the 
cross-sectional view in FIG. 3(f). 

The next step is to form the contact for the gate 
electrodes, the common contact for the well regions 3 and the 
source region 4. To do this, windows are opened by etching and 
aluminum is vacuum-deposited on the surface to a thickness of 
about l.S/(m to form the source electrode 8 and the leading-out 
port for the gate electrode (not shown in Fig. 3(g)). 

Then, the bottom of the drain substrate 1 is covered hy a. 1/t 
m-thick coating of aluminum by vacuum deposition; then the botttm 
and the deposited coating are alloyed together at about 450 'C to 
form the drain electrode 9. When this step has been completed 
the structure is as shown in the cross-sectional view in FIG. 
3(g). 

Thus, through the above process, the vertical type MOSFBT 
Structure shown in FIG. 2 can be produced. 
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I FIG* 4 shows a second embodiment of a transistor in 

accordance with the present invention. In this figure, those 
labels which are the same as labels used in PIG. 1 and FIG. 2 
have the same meanings. 

5 The transistor shown in FIG. 4 differs from the transistor 

shown in FIG. 2 in that it has the high-density N type (N*) 
buried regions 11 which span the boundary between the drain 
substrate 1 and the high resistivity drain region 12/ which is 
the first drain region. These buried regions 11 are located 

0 between and outside of the well regions 3, corresponding to the 
low resistivity drain regions 13 which are the second drain 
regions . 

In this case the depletion layer formed by a bias between 
the source electrode 8 and the drain electrode 9 is as shown by 

5 the dotted lines D. The size which the buried regions 11 can 
have is restricted by the condition that they must not contact 
the depletion layer. This condition prevents the buried regions 
11 from causing a reduction in the breakdown voltage. In the 
embodiment shown here the size of the buried regions 11 can be 

10 controlled freely by varying their pattern and the amount of 
diffusion during the production process. 

Thus, in the embodiment shown here, because. of the presence 
of the buried regions 11, the electrical resistance of the pass 
through which electric current flows is decreased. Consequently, 

15 compared to the transistor shown in FIG. 2, the ON resistance is 
decreased even further. 

— We5et-y.--.§n^^ample of production process by which the vertical 

type FET containing these buried regions can be produced will be 
described. 

30 FIGS. 5(a) and (b) show a part of this production process. 

Since the remainder of the production process after the step 
shown in FIG. 5(b) coincides with the steps shown in FIGS. 3(b) 
through 3(g), the description are omitted here. Only those steps 
which dif far from the process explained above with reference to 

35 FIG. 3 are described here. 
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1 The first step is to form the silicon dioxide film 14/ about 

i l//m thick, by thermal oxidation on the surface of the low 

resistivity drain substrate 1 which is formed from N-type silicon 
monocrystalline having a donor impurity concentration Nj^ of about 
5 IxlO*'"^ atoms/cm^. Next, this silicon dioxide film 14 is 

selectively removed by photographic etching at the locations 
corresponding to where the buried regions 11 are to be formed • 
I Then arsenic ions (As"*") are injected to a concentration of about 
1x10^^ ions/cm^ by the ion implantation. When these steps have 
10 been completed, the structure is as shown in the cross-sectional 
view in FIG. 5(a). The regions irtiere the arsenic ions have been 
i injected are labeled 11a. 

The next step is annealing, after \rtiich the silicon dioxide 
film 14 is removed. Then the high resistivity drain region 12 
15 having an Nj^ on the order of 2x10^^ atoms/cm^ and a thickness of 
about iq^m is grown epitaxially, for example, by introducing 
phosphene. Then the flow of phosphene is changed to grow the low 
resistivity drain region 13 having an Nj^ on the order of 5x10^^ 
atoms/cm^ and a thickness of about A/Am. At the same time, the 
20 buried regions 11 are formed by diffusion. When these steps have., 
been completed, the structure is as shown in the cross -sectional 
view in FIG. 5(b). 

The following steps cire the same as those explained with 
reference to FIGS. 3 (b) through (g), eventually resulting in the 
25 vertical-type MOSFET having the structure shown in FIG. 4. The 
following are specific examples of the dimensions and impurity 
concentrations which such a transistor might have. The 
thicknesses of the n" regions 12 and the N region 13 are 10^ m 
J and 4^m, respectively, and the width of the well regions 3 is 30 
30 ^m. The distance S between the well regions 3 is 5^m, about 
half of the corresponding distance in conventional types of 
MOSFET. The impurity concentrations of the region 1, the N 
region 12 and the N region 13 are IxlO"'"®, 2x10^^ and 5x10^^ 
atoms/ cm^, respectively. 
35 The well regions 3 penetrate about l^am into the high- 
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resistivity drain region 12, which is the first drain region. 

When a voltage is applied between the source and the drain 
of an MOSFET having the structure described above, then, within 
the high resistivity drain region 12, the depletion layers are 
joined or link up with each other in the low resistivity drain 
regions 13 while the voltage rises to approximately 30 V, and 
expand into the part of the first drain region 12 just below the 
Ipw resistivity drain regions 13. In^^this^ 
conventional types of transistor , the break down voltage is 
0 ^"^es sentia tty aetirmined in the lower parts of the we ll regiong ,^3^ 
aM-4rtr"comes^'"oi^ Moreover, the ON resistance 
has been reduced to 1.25 ohm per square millimeter, even though 
the distance S between the well regions 3 has been reduced to 
only about half of what it was in conventional transistors. 
Also, by reducing the distance S between the well regions 3 to 
about half of what it was before, the unit cell density has been 
increased by about 25%. 

Incidentally in the conventional MOSFET shown in PIG. 1, if 
the impurity concentration N^^ in the high resistivity drain 
region 2 is taken to be on the order of 2x10^^ atoms/cm^, the 
thickness of the region 2 to be about 14/xin, the well regions 3 
to be 30/{m wide and their diffusion has penetrated to a depth of 
5^m, and if the distance S between the well regions 3 is taken 
to be 10^ m, then breakdown voltage of about 150V is obtained, 
but the ON resistance is rather high, 1.5 ohms per square 
millimeter. 

The practical examples as embodiments of the invention that 
have been given here are all N channel vertical- type MOSPETs, but 
it is clear that the N channel MOSFETS can be replaced by P 
channel MOSFETs in the above description. Also, the drain region 
has been split into two parts, a high resistivity region and a 
low resistivity region, but it is not necessa ry that it be split 
into only two parts? it could also be split into three or four 



parts. 

"The production processes which have been described in girving 
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1 practical examples of how this invention could be used in 

transistors has involved the use of the ion implantation but it 
is possible to not use this method and to use, for example r the 
CVD method or the PVD method instead. 
5 The values of resistivity given for the semiconductor layers 

in the above eabodiments are merely examples; in a particular set 
of circxHttstances, different values could be used. The usefulness 

I of this invention is not limited to the case in which the values 
given here are used. 

10 As can be understood from the above description, since, in 

this invention, the drain region is divided into two parts r a 
high resistivity region and a low resistivity region, and since 
the low resistivity region is positioned between adjacent ones of 
the well regions, then even if the distance between the well 

15 regions is set on a small order, the ON resistance does not 

increase to an excessive value. In addition, since the bottoms 
of the well regions penetrate into the high resistivity region, 
there is no reduction in the breakdown voltage of the MOSFET, so 
that the unit cell density can be made high. 

20 The effect of reducing the overall ON resistance is 

especially important in reducing the heating and power 
consumption of transistors to be used as elements in circuits 
which handle a large electric current. 
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1 What is claimed is; 

A MOSFET with a high density of integration and a low ON 
resistance comprising: 

a semiconductor substrate of a first conductivity type; 
5 a first drain region of said first conductivity type 

i 

formed on top of said semiconductor substrate; 

a second drain region of said first conductivity type 
formed on top of said first drain region; 

said second drain region has a lower resistivity than 
10 said first drain region; 

well regions of the second conductivity type opposite 
to said first conductivity type; 

said well region being adjacent to said second drain 
region and in contact with said first drain region at the bottom 
15 portions thereof? 

source regions inside said well regions; 

a drain electrode formed on the bottom surface of said 
semiconductor substrate; 

gate electrodes formed through electrically insulating 
20 films on top of channels which are formed by the said well 
regions; and 

at least one source electrode being in electrical 
contact with said source regions. 

2. A MOSFET of claim 1, wherein said gate electrode spans 
25 said second drain region between adjacent ones of said well 
regions . 

3* A MOSFET of claim 2, \rfierein said semiconductor 
substrate having a higher conductivity than that of said first 
drain region. 

30 ' 4. A MOSFET of claim 3, wherein the distance between 

adjacent ones of said well regions is at least less than 5^m. 

5. A MOSFET of claim 3/ further comprising well contact 
regions of said second conductivity type provided in the centers 
of said well regions and being in contact with said well regions 

35 and said source electrodes. 
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6. A MOSPET of claim 1, further comprising low resistivity 
buried regions of said first conductivity type which is located 
at the boundary between said substrate and said first drain 
region and between adjacent ones of said well region. 
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